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REMOTE CONTROL MANIPULATOR
SYSTEM AND CONTROL DEVICE

TECHNICAL FIELD

The present disclosure relates to a remote control manipu-
lator system and a control device that controls a manipulator
remotely.

BACKGROUND ART

As a robot technology advances, a robot that can operate
an operation target in a dynamic environment (an uncertain
position, unknown model) 1s being developed from a robot
or an automated machine used 1n a static environment (a
known model placed 1n a fixed position). A robot having an
automatic object recognition function and autonomous
determination function using a camera and/or a laser range
finder and a force sense control function using a force sensor
that can perform measurement with multiple axes 1s being
developed 1n order to be able to handle various situations.

As an mmportant use need for the robot, the development
of the robot that can support a person 1n the event of a major
disaster 1s being advanced not only i Japan but also
worldwide. In particular, a robot having a complex articu-
lated structure 1s expected to be developed. Among them,
there 1s a demand for controlling the robot by remote control
and performing advanced work by using a hand of the robot.

The remote control of a conventional robot hand uses a
pressure sensor and a force sensor on a hand side frequently
(see Patent Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Laid-Open No. 2009-
66683

SUMMARY OF INVENTION

Technical Problem

In a remote control system of the robot hand that uses
many sensors, the amount of calculation required for the
control becomes enormous, and a high-performance elec-
tronic computer 1s required for the control. Additionally, a
software scale for the control becomes large, and the devel-
opment becomes diflicult and requires tremendous cost. In
an autonomous robot hand systems, a problem of stability
and reliability still remains.

The present disclosure has been made to solve the above
problems, and an object of the present disclosure 1s to enable
an operator to control a manipulator remotely and more
casily than before with a simple system configuration.

Solution to Problem

According to one aspect of the present disclosure, a
remote control manipulator system includes: a manipulator
controlled remotely by an operator to handle an object; a
camera to capture a captured image including the manipu-
lator; a posture sensor to detect posture data representing a
position and a posture of the manipulator; an action nstruc-
tion inputter with which the operator mputs an action
instruction instructing action to move or stop the manipu-
lator; a control device including a control signal generator to
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2

generate a control signal controlling the manipulator from
the action instruction, a structural data storage to store
mampulator structural data representing a structure of the
mamipulator, a model 1mage generator to generate a model
image being an 1mage of a model of the manipulator viewed
from a position of the camera with referring to the manipu-
lator structural data and the posture data, and a presentation
image generator to generate a presentation image to be
presented to the operator by superimposing the model image
on the captured image; and a display to display the presen-
tation 1mage.

According to another aspect of the present disclosure, a
control device includes: a control signal generator to which
an action instruction 1s inputted by an operator using an
action instruction inputter, the control signal generator gen-
erating a control signal controlling a manipulator to handle
an object; a structural data storage to store manipulator
structural data representing a structure of the manipulator; a
model 1image generator to which posture data representing a
position and a posture of the manipulator detected by a
posture sensor and an image including the manipulator
captured by a camera are mputted, the model 1mage gen-
erator to generate a model 1image being an 1mage of a model
of the manipulator viewed from a position of the camera
with referring to the posture data and the structural data
storage; and a presentation 1mage generator to generate a

presentation 1mage to be presented to the operator by
superimposing the model image on the captured 1mage.

Advantageous Effects of Invention

According to the present disclosure, the operator can
control the manipulator remotely and more easily than in the
past with a simple system configuration.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view 1illustrating a schematic configuration of
a remote control manipulator system according to a first
embodiment of the present disclosure.

FIG. 2 1s a block diagram 1llustrating a functional con-
figuration of the remote control manipulator system of the
first embodiment.

FIG. 3 1s a front view and a left side view illustrating a
humanoid robot used i1n the remote control manipulator
system of the first embodiment.

FIG. 4 15 a view 1illustrating an example of posture data
representing a posture of the humanoid robot used 1n the
remote control manipulator system of the first embodiment.

FIG. 5 15 a view 1llustrating an example of a first half of
processing of generating a presentation image presented to
an operator by the remote control manipulator system of the
first embodiment.

FIG. 6 1s a view 1llustrating an example of a second half
of the processing of generating the presentation image
presented to the operator by the remote control manipulator
system of the first embodiment.

FIG. 7 1s a flowchart illustrating a procedure for control-
ling the humanoid robot remotely using the remote control
mampulator system of the first embodiment.

FIG. 8 1s a configuration diagram illustrating a model of
a human motion perception system.

FIG. 9 1s a view 1llustrating a flow of information 1n the
model of the human motion perception system when the
humanoid robot 1s controlled remotely by the remote control
mampulator system of the first embodiment.
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FIG. 10 1s a block diagram illustrating a functional
configuration of a remote control manipulator system

according to a second embodiment of the present disclosure.

FIG. 11 1s a view 1illustrating an example of a method for
notifying an operator by sound of a change 1n tactile data
together with a presentation image in the remote control
manipulator system of the second embodiment.

FIG. 12 1s a flowchart illustrating a procedure for con-
trolling a humanoid robot remotely using the remote control
manipulator system of the second embodiment.

FIG. 13 1s a block diagram illustrating a functional
configuration of a remote control manipulator system
according to a third embodiment of the present disclosure.

FI1G. 14 15 a view 1llustrating an example of a presentation
image including an action instruction icon generated by the
remote control manipulator system of the third embodiment.

FIG. 15 1s a flowchart illustrating a procedure for con-
trolling the humanoid robot remotely using the remote
control manipulator system of the third embodiment.

FIG. 16 1s a block diagram illustrating a functional
configuration of a remote control manipulator system
according to a fourth embodiment of the present disclosure.

FIG. 17 1s a flowchart 1illustrating a procedure for con-
trolling the humanoid robot remotely using the remote
control manipulator system of the fourth embodiment.

FIG. 18 1s a block diagram illustrating a functional
configuration of a remote control manipulator system
according to a modification of the fourth embodiment.

FIG. 19 1s a flowchart illustrating a procedure for con-
trolling the humanoid robot remotely using the remote
control manipulator system of the modification of the fourth
embodiment.

FIG. 20 1s a block diagram illustrating a functional
configuration of a remote control manipulator system
according to a fifth embodiment of the present disclosure.

FIG. 21 1s a view illustrating a structure of an exoskeleton
type action instruction mput device included in the remote
control manipulator system of the fifth embodiment.

FIG. 22 1s a flowchart illustrating a procedure for con-
trolling the humanoid robot remotely using the remote
control manipulator system of the fifth embodiment.

FIG. 23 1s a view 1illustrating a state in which resistance
force 1s generated when the humanoid robot 1s controlled

remotely using the remote control manipulator system of the
fifth embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

FIG. 1 1s a view 1llustrating a schematic configuration of
a remote control manipulator system according to a first
embodiment of the present disclosure. FIG. 2 1s a block
diagram 1illustrating a functional configuration of the remote
control manipulator system of the first embodiment. A
remote control manipulator system 100 mainly includes a
humanoid robot 1, an on-site camera 2, a control device 3,
a head mount display 4 and headphones 5 that are worn by
an operator 30, and instruction reading cameras 6A, 6B.
Humanoid robot 1 1s a manipulator that 1s controlled
remotely by operator 30 to handle an object. On-site camera
2 captures an 1mage of a state 1n which humanoid robot 1
handles an object 20 that 1s the operation target. Control
device 3 controls humanoid robot 1 remotely. Operator 30 1s
an operator who gives an action instruction to humanoid
robot 1. Instruction reading cameras 6A, 6B are two cameras
that read the action of operator 30 as the action instruction.
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The actions pertormed by operator 30 and the humanoid
robot include not only motion but also a standstill 1n an
instructed posture. The action 1ncludes one or both of the
motion and the standstill. A place where the humanoid robot
1 handles object 20 1s called a site. The place where operator
30 works 1s called a command center.

Humanoid robot 1 has two arms and two legs. In the
drawings, the humanoid robot 1 1s illustrated with no leg
portion. Because the simple action 1s better 1n the description
of the features of the present disclosure, the case where
object 20 1s operated by moving one arm according to the
action of operator 30 1s described. On-site camera 2 1s
installed on a head of the humanoid robot 1. On-site camera
2 1s a camera that captures a captured image 51 including an
arm and a hand of humanoid robot 1 and object 20. On-site
camera 2 includes a microphone, and detects sound gener-
ated around humanoid robot 1 and sound generated 1n
operating object 20.

A presentation 1mage 50 1s an 1image obtained by super-
imposing an image displaying information from various
sensors such as a tactile sensor 7 attached to humanoid robot
1 such that operator 30 can recognize easily on captured
image 51 captured by on-site camera 2. By viewing presen-
tation i1mage 50, operator 30 recognizes a situation of
humanoid robot 1 maneuvering. Presentation image 50 1s
generated by control device 3. Operator 30 wears head
mount display 4 and headphones 5 on the head. Presentation
image 50 1s displayed on head mount display 4. Headphones
5 output the sound detected by the microphone of on-site
camera 2. Headphone 5 can be controlled not to output the
on-site sound based on determination of operator 30. Head
mount display 4 1s a display device that displays presenta-
tion 1image 50. Head mount display 4 may be a monitor that
enables to perceive a depth. A large display installed on the
wall of the command center or a display placed on a desk
may be used as the display device. Headphone 5 1s a sound
generator that generates sound that can be heard by operator
30.

Control device 3 1s constructed with a computer including,
a CPU 21 and a memory 22. The memory 22 stores a
program executed by CPU 21, data used for processing, data
obtained as a result of processing, and the like. Memory 22
1s a semiconductor memory such as a tflash memory, and a
hard disk. Memory 22 includes a volatile storage device and
a non-volatile storage device.

Humanoid robot 1 and control device 3 are connected to
cach other through a communication line 8, and communi-
cate with each other. A control signal controlling humanoid
robot 1 1s sent from control device 3 through communication
line 8. Posture data 52, tactile data 33, captured image 51,
and the like are sent from humanoid robot 1. Posture data 52
1s data representing a position and a posture of humanoid
robot 1 detected by a posture sensor 9. Tactile data 53 1s data
detected by tactile sensor 7. Captured 1mage 51 1s an 1image
captured by on-site camera 2. Communication line 8 may be
a wired line or a wireless line, and may be a public line or
a dedicated line. The communication line suitable for appli-
cation 1s used. A distance between the site where humanoid
robot 1 handles object 20 and the command station where
the operator 30 works 1s arbitrary. The distance may be
thousands of kilometers or 1 meter. Control device 3 1s
installed 1n a building where the command center 1s located.
Control device 3 may be installed 1n a bulding different
from the building where the command center 1s located.
Head mount display 4 and instruction reading cameras 6 A,
6B and control device 3 are connected to each other by a
LAN 10. The remote control in this description means that
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the control 1s performed by a method for controlling a
machine remotely. The actual distance between the machine
such as humanoid robot 1 and control device 3 may not be
remote.

Humanoid robot 1 mainly includes a skeleton 11, a joint
12, an actuator 13, a controller 14, and a communicator 15.
Joint 12 connects two portions of skeleton 11 such that a
connection angle can be changed. Actuator 13 generates
torce for moving joint 12. Controller 14 controls actuator 13.
Communicator 15 communicates with control device 3.
Action mstruction data 54, posture data 52, and tactile data
53 extracted from the control signal are inputted to control-
ler 14. Controller 14 includes a storage 16 that stores action
instruction data 54, posture data 52, tactile data 53, and the
like. Controller 14 controls actuator 13 such that posture
data 52 coincides with action instruction data 354. The
control performed by controller 14 may be feedback control
or control based on low-order autonomous motion determi-
nation. When a robot 1n which gears are disposed at the
joints to change the rotation angle of the joint using a motor,
the controller controls the motor disposed in each joint.

On-site camera 2, tactile sensor 7, and posture sensor 9 are
mounted on humanoid robot 1. On-site camera 2 1s attached
to the head of humanoid robot 1. On-site camera 2 can
change an 1imaging direction, which 1s a direction 1n which
an 1mage 1s captured, by changing a direction to which the
head faces. On-site camera 2 outputs 1maging condition data
55, including the imaging direction, a diaphragm size, a
magnification, and the like, 1n capturing the image to the
controller 14 together with the captured image. The imaging
direction 1s expressed as a direction relative to trunk 11A.
Controller 14 sends captured image 51 and imaging condi-
tion data 55 to the control device 3 through communicator
15. Tactile sensor 7 1s attached to a fingertip of humanoid
robot 1. Tactile sensor 7 detects whether or not a finger of
humanoid robot 1 and object 20 are in contact with each
other, and measures magnitude of contact force acting
between the object 20 and the fingertip when the finger of
humanoid robot 1 and object 20 are in contact with each
other. Tactile data 53 representing the state detected by
tactile sensor 7 and including the contact force 1s sent to the
controller 14, and used to control actuator 13. Tactile data 53
1s sent to control device 3. Captured image 51, imaging
condition data 55, and tactile data 33 are stored 1n storage 16
included 1n controller 14. Captured 1mage 351 and 1imaging
condition data 55 may be stored by a control device different
from controller 14 of humanoid robot 1, and sent to control
device 3. Storage 16 may be provided separately from
controller 14.

Control device 3 mainly includes a communicator 31, a
structural data storage 32, a state data storage 33, a model
image generator 34, a tactile image generator 35, a presen-
tation 1mage generator 36, an action instruction data gen-
erator 37, and a control signal generator 38. Communicator
31 communicates with humanoid robot 1 and the like.
Structural data storage 32 stores robot structural data 81
representing a structure of humanoid robot 1. Structural data
storage 32 stores data that does not change. State data
storage 33 stores changing data such as posture data 52.
Model image generator 34 generates a model 1mage 57
based on a three-dimensional model 56 of humanoid robot
1. Tactile 1mage generator 35 generates a tactile 1mage 58
that represents tactile data 33 visually. Presentation image
generator 36 generates a presentation image 50 presented to
operator 30. Action 1nstruction data generator 37 generates
action instruction data 34 from the images captured by
instruction reading cameras 6 A, 68B. Control signal genera-

10

15

20

25

30

35

40

45

50

55

60

65

6

tor 38 generates a control signal sending action instruction
data 54 to humanoid robot 1. Three-dimensional model 56 1s
a three-dimensional model of humanoid robot 1 created
according to the posture of humanoid robot 1 from robot
structural data 81 and posture data 52. Model image 57 1s an
image 1n which three-dimensional model 56 1s viewed from
the position of on-site camera 2.

Structural data storage 32 and state data storage 33
correspond to memory 22 as hardware. Communicator 31,
model 1mage generator 34, tactile image generator 35,
presentation i1mage generator 36, action instruction data
generator 37, and control signal generator 38 are imple-
mented by causing CPU 21 to execute the dedicated pro-
gram stored 1n memory 22.

A method for generating three-dimensional model 56 and
model 1image 57 with reference to robot structural data 81
and posture data 52 1s described. FIG. 3 1s a front view and
a lett side view of the humanoid robot. FIG. 3(A) 1s the left

side view, and FIG. 3(B) 1s the front view. Humanoid robot
1 includes a trunk 11A, an upper arm 11B, a forearm 11C,
a hand 11D, and a head 11E as skeleton 11. Joint 12 includes
a shoulder joint 12A, an elbow joint 12B, a wrist joint 12C,
and a neck joint 12D. Hand 11D includes five fingers. Each
finger includes three finger joints. Hereafter, for conve-
nience, 1t 1s explained with assuming that a movable portion
of hand 11D does not move.

A UVW-coordinate system 1s defined as a coordinate
system representing a position of each portion of humanoid
robot 1. It 1s assumed that a left-right direction of humanoid
robot 1 1s a U-axis, that a front-rear direction 1s a V-axis, and
that an up-down direction 1s a W-axis. It 1s assumed that a
direction from a right hand side toward a left hand side 1s a
positive direction of the U-axis, that a direction from the
front toward the rear 1s a positive direction of the V-axis, and
that a direction from the bottom toward the top 1s a positive
direction of the W-axis. It 1s assumed that a center of gravity
P, of humanoid robot 1 located on a horizontal plane near a
height of a waist 1s an origin of the UVW-coordinate. In
trunk 11A, 1t 1s assumed that a positional relationship
between shoulder joint 12A and center of gravity P, 1s fixed,
and that coordinates of a point P, representing the position
of nght shoulder joint 12A are (-W1, D1, H1).

One end of rod-shaped upper arm 11B 1s connected to
trunk 11A at shoulder joint 12A. Shoulder joint 12A can
change the connection angle between trunk 11A and the
upper arm 11B. The other end of the upper arm 11B 1s
connected to one end of rod-shaped forearm 11C at elbow
joint 12B. Elbow joint 12B can change the connection angle
between upper arm 11B and forearm 11C. Wrist joint 12C 1s
provided at the other end of forearm 11C. Wrist joint 12C
connects hand 11D to the other end of forearm 11C such that
the connection angle can be changed. The length of upper
arm 11B has a length La, and the length of forearm 11C has
a length Lb. These connection relationships and the lengths
do not change, and represent a structure of humanoid robot
1. Data representing the structure of humanoid robot 1 1s
robot structural data 81.

As to joint 12, a range of a value that can be taken by the
connection angle at joint 12, a possible range of a change
rate of the connection angle, and the like are defined as robot
structural data 81. As to actuator 13, maximum values of
force and torque generated by actuator 13, the possible range
of the changing rate of the generating force and torque, and
the like are defined as robot structural data 81. Robot
structural data 81 1s mamipulator structural data representing
the structure of the manipulator.
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When the position of the on-site camera 2 relative to
center of gravity P, 1s fixed, the position relative to center of
gravity P 1s stored as camera structural data 82. When head
11E on which on-site camera 2 1s mounted can change an
angle with respect to trunk 11A by neck joint 12D, the
position of neck joint 12D relative to center of gravity P, and
the distance between neck jomnt 12D and on-site camera 2
are stored as camera structural data 82. A relative direction
1n which on-site camera 2 fixed with respect to the direction
in which the head 11E faces 1s also stored as camera
structural data 82. Camera structural data 82 may include
data, such as the vertical and horizontal sizes of the 1images
that can be captured, a viewing angle, and a possible range
of magnification, which 1s determined from specifications of
on-site camera 2.

The structural data representing the structure of tactile
sensor 7 1ncludes a finger to be worn and a position within
the finger to be worn. When detecting that the tactile sensor
7 1s 1n contact, the position where tactile data 53 1s displayed
1n tactile image 58 1s also the structural data. These structural
data are stored 1n structural data storage 32 as tactile sensor
structural data 83. Multiple tactile sensors 7 may be mounted
on one finger.

Posture data 52 1s described. FIG. 4 1s a view 1llustrating
an example of the posture data representing the posture of
the humanoid robot. It 1s assumed that shoulder joint 12A 1s
rotatable with two rotational degrees of freedom, and rota-
tion angles of shoulder joint 12A are expressed with (o1, 1)
as 1llustrated 1n FIG. 4(A). It 1s assumed that elbow joint 12B
1s rotatable with two rotational degrees of freedom, and the
rotation angles are expressed with (a2, ¥2) as illustrated in
FIG. 4(A). It 1s assumed that wrist joint 12C 1s rotatable with
three rotational degrees of freedom, and the rotation angles
are expressed with (o3, 3, y3) as illustrated in FIG. 4(B).

In shoulder joint 12 A, an extending direction of upper arm
11B 1s expressed by a rotation angle ol about the U-axis
with respect to trunk 11A and a rotation angle B1 about the
V-axis with respect to trunk 11A. Elbow joint 12B connects
forearm 11C to upper arm 11B so as to be rotatable with two
rotational degrees of freedom. A connection angle between
upper arm 11B and forearm 11C 1s expressed by the UV W-
coordinate system that moves together with the upper arm
11B. The extending direction of upper arm 11B 1s the
W-axis. In elbow joint 12B, the extending direction of the
forearm 11C 1s expressed by a rotation angle o2 about the
U-axis with respect to upper arm 11B and a rotation angle ’YZ
about the W-axis with respect to upper arm 11B. It 1s
assumed that the rotation angles of elbow joint 12B are (02,
v2) as 1llustrated in FIG. 4(A). Wrist joint 12C connects hand
11D to forearm 11C so as to be rotatable with three rotational
degrees of freedom. The connection angle between forearm
11C and hand 11D 1s expressed by the UVW-coordinate
system that moves together with forearm 11C. The extend-
ing direction of forearm 11C 1s the W-axis. It 1s assumed that
the rotation angles of wrist joint 12C are (a3, B3, y3) as
1llustrated 1n FIG. 4(B). In hand 11D, 1t 1s assumed that the
position of a tip of an 1ndex finger relative to wrist joint 12C
at the rotation angles (a3, B3, ¥3)=(0, 0, 0) of wrist joint 12C
1s (W4, 0, H4).

The angle (a1, B1), the angle (2, ¥2), and the angle (o3,
B3, v3) are included in posture data 52 representing the
posture of humanoid robot 1. In humanoid robot 1, posture
data 52 can be expressed only by the rotation angles of joint
12. For example, for the humanoid robot that can expand and
contract the length of the forearm, the length of the forearm
1s also included 1n the posture data. The posture data 1s
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defined such that the position and the posture of the human-
01d robot (manipulator) can be expressed.

When the angle (al, 1), the angle (2, ¥2) and the angle
(a3, B3, ¥3) are determined, the three-dimensional position
of each portion of a right arm of humanoid robot 1 can be

determined. It 1s assumed that a rotation matrix of shoulder
jomt 12A 1s [R1], that a rotation matrix of elbow joint 12B

1s [R2], and that a rotation matrix of wrist joint 12C 1s [R3].
The rotation matrices [R1], [R2], [R3] can be expressed as
follows.

|[Mathematical Formula 1]

1 0 0 cosffl 0 -—singl
|R1] = [O cosrl —sinl ][ 0 1 0 ]
0 sinal sinfl 0 cospl

(1)
cosal

|[Mathematical Formula 2]

1 0 0 cosyZ2 —siny2 0 (2)
|R2] =[O cosq’Z —sina?’ ][ siny2 cosyZ O]

0 sina?2 cosa? 0 0 1

|[Mathematical Formula 3]

0 1 0 siny3 cosy3 O

][ cosf33 0 —sinp3 ][ cosy3 —siny3 O] (3)
sinf3 0 cosf3 0 0 1

| 0 0
|R3] = [O cOS(¥3d —sina3
0 sine3 cosal

It 1s assumed that points representing the positions of
elbow joint 12B, wrist joint 12C and the tip of the index
finger are P, P, and P,. P,, P, and P, can be expressed as
follows.

P,=(-W1 D1 H1Y (4)

P,=P +[R1]*(0,0,~La)’ (5)

P.=P+[R1T*[R2]*(0,0,~Lb)" (6)

P,=P+[RI1]*[R2]*[R3]*(W4,0, HAY (7)

When position data P,-.=(x0, y0, z0) representing the
position of humanoid robot 1 and inclination angles (o0, 0,
v0) of trunk 11A are given, P, to P, in the UVW-coordinate
system can be converted into P, to P~ 1n an XYZ-coordi-
nate system as follows. The XYZ-coordinate system 1s a
coordinate system representing a space in which humanoid
robot 1 exists. Hereafter, 1t 1s assumed that the rotation
matrix representing inclination angles (0, B0, Y0) is [RO].
Position data P, and the inclination angle of trunk 11A are
also mcluded 1n posture data 52. The position of humanoid
robot 1 1s measured by a Global Positioning System (GPS)
device, for example.

|[Mathematical Formula 4]

0 1 0 sinyl) cosy0 O

1 0 0
|RO] :[0 cosa0 —sina0
sinp0 0 cospl 0 0 1

0 sina(

cosff0 0 —sinB0Yf cosy(Q —siny0 O (8)
cosa0 ][ ][ ]
9)
(10)

Pog = (x0, y0, z0)

Pi1g = Pog + | RO] x Py
(11)
(12)

PZG = PDG + [RO] =£=P2
ng = PDG + [RO] =i=P3

Pag = Pog + [RO] % Py (13)
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Although 1t 1s actually more complicated, three-dimen-
sional model 56 of humanoid robot 1 can be generated in the
same manner. Data representing the structure of humanoid
robot 1 1s stored in structural data storage 32 as robot
structural data 81. Examples of robot structural data 81
include the connection relationship between skeleton 11 and
joint 12, dimensions of skeleton 11, and the rotatable angle
of joint 12. Robot structural data 81 1s data that does not
change when humanoid robot 1 1s moved. Model image
generator 34 generates three-dimensional model 56 of
humanoid robot 1 by substituting posture data 52 represent-
ing the changing value of each portion of humanoid robot 1
into the equation determined by robot structural data 81.

Model 1mage generator 34 determines the three-dimen-
sional position and the imaging direction of on-site camera
2 with referring to camera structural data 82 and posture data
52. Because the position of on-site camera 2 relative to trunk
11A 1s fixed, the three-dimensional position of on-site cam-
era 2 1s determined from the three-dimensional position and
the direction of trunk 11A 1n three-dimensional model 56.
The imaging direction 1s determined from the direction 1n
which head 11E faces and the direction of on-site camera 2
relative to head 11E.

Model 1mage generator 34 generates model image 37
from the three-dimensional position and the imaging direc-
tion of on-site camera 2. Model image generator 34 gener-
ates model 1mage 57 on the assumption that only three-
dimensional model 56 of humanoid robot 1 exists on the site.
Model 1mage 357 1s an 1mage 1n which three-dimensional
model 56 1s viewed from the three-dimensional position and
the 1maging direction of on-site camera 2. In model 1image
57, a range of pixels in which three-dimensional model 56
1s displayed 1s referred to as a manipulator image 59. In
model image 57, the portion that 1s not included in manipu-
lator 1mage 39 1s transparent. Model 1mage generator 34
generates three-dimensional model 56 and model 1mage 57
with referring to robot structural data 81 and posture data 52.
Model image generator 34 1s also a three-dimensional model
generator that generates three-dimensional model 56. The
three-dimensional model generator may be provided sepa-
rately from model image generator.

FIG. 5 illustrates an example of model image 57. FIG. 5
1s an 1image when hand 11D holds plate-shaped object 20.
Fingers other than a thumb are located behind object 20, and
cannot be captured 1n captured image 51. Model image 57
in FIG. 5 1s a virtual image in which hand 11D of humanoid
robot 1 1s viewed from the position of on-site camera 2 on
the assumption that object 20 does not exist.

Tactile data 53 1s mputted to tactile image generator 35,
and tactile 1mage generator 35 generates tactile 1image 58
with referring to tactile sensor structural data 83 and tactile
data 53. Tactile data 33 1s data indicating that tactile sensor
7 1s 1n contact with object 20. Tactile 1mage 38 1s an 1mage
that 1s displayed by including a contact symbol 60 repre-
senting tactile sensor 7 that detects contact. Contact symbol
60 1s displayed at a display position of contact symbol 60 for
cach tactile sensor 7 determined from the data stored in
tactile sensor structural data 83 1n a display mode that 1s
changed depending on the magnitude of the contact force.
The display position of contact symbol 60 may be a deter-
mined position in the tactile image. When contact symbol 60
1s displayed at the position where corresponding tactile
sensor 7 exists, the display position of contact symbol 60 1n
tactile sensor structural data 83 1s defined by the position
relative to humanoid robot 1. In this case, the display
position of contact symbol 60 1s determined using posture
data 52. In tactile image 58, the pixel of contact symbol 60
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has transmittance of about 50%. The pixels except for
contact symbol 60 are transparent, namely, the transmittance
1s 100%.

FIG. 6 1llustrates an example of tactile 1image 58. In FIG.
6, although the fingertips are indicated by a dotted line, the
fingertips are drawn to indicate the display position of
contact symbol 60. In actual tactile 1image 58, the dotted
fingertip 1s not drawn. Contact symbol 60 1s also displayed
outside the fingertip such that the fingertip contacting with
object 20 can be recognized easily. Contact symbol 60 may
be displayed by only changing color of the fingertip. For the
large contact force, contact symbol 60 1s displayed 1n a dark
color. For the small contact force, contact symbol 60 1is
displayed 1n a light color. In addition to the change of the
display form of contact symbol 60 depending on the contact
force, or without changing the display form, contact symbol
60 may be blinked, and the magnitude of the contact force
may be expressed by a blinking speed. A blinking interval 1s
shortened for the large contact force, and the blinking
interval 1s lengthened for the small contact force. A blinking
period may be the same, and time for which contact symbol
60 1s displayed may be lengthened for the large contact
force. Both the blinking period and a ratio of the time for
which the contact symbol 1s displayed in one period may be
changed depending on the contact force.

By displaying contact symbol 60, the contact of the
mampulator with the object can be presented to operator 30
even when the object that 1s the operation target 1s a hard
object and difficult to be deformed. For a soft object, a
deformation amount of the object 1s large, and 1t 15 easy to
understand visually that the manipulator contacts with the
object without displaying the contact symbol. On the other
hand, for a hard object, the deformation amount of the object
1s small, and 1t 1s dithcult for operator 30 to determine
whether or not the manipulator contacts with the object
unless the contact symbol 1s displayed.

Presentation 1image generator 36 generates presentation
image 30 by superimposing model image 57 and tactile
image 38 on captured image 51. Presentation image 50 1s an
image that 1s presented to operator 30 such that operator 30
can grasp the state of humanoid robot 1. FIGS. 5 and 6 are
views illustrating an example of processing of generating the
presentation image presented to the operator by the remote
control mampulator system of the first embodiment. FIG. 5
illustrates a first half of the processing, and FI1G. 6 illustrates
a second half of the processing. When model image 57 1s
superimposed on captured image 31, model 1image 57 15 set
to a front-side layer. In the pixel of the portion where it can
be determined that humanoid robot 1 i1s captured in captured
image 31, captured image 51 1s displayed instead of model
image 37. The pixel in which manipulator image 39 exists 1n
model 1mage 57 may be displayed so as to have constant
transmittance, and captured image 51 may also be displayed
on the pixel. Model image 57 and captured image 51 are
superimposed such that manipulator 1mage 59 1s displayed
in preference to captured image 51. Captured image 51 may
be displayed in a front-side layer, and 1n the pixel of the
portion where humanoid robot 1 1s not captured 1n captured
image 31 and manipulator 1mage 59 1s displayed in the
corresponding pixel in model image 57, captured image 51
may be displayed with a transmittance of greater than or
equal to 50%. Captured 1image 51 may be displayed so as to
be transmitted through in the entire region of captured image
51. Model image 57 and captured image 51 may be super-
imposed by any method as long as the method can generate
presentation 1mage 50 1 which manipulator 1mage 39 1s
displayed in the pixels where humanoid robot 1 1s not
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captured 1n captured 1mage 51 and manipulator image 59 1s
displayed in model image 57. An 1image obtained by super-
imposing model image 57 on captured image 51 1s referred
to as a model display captured image 61.

Presentation image generator 36 further superimposes 5
tactile 1mage 58 on the front-side layer of model display
captured 1mage 61 to generate a tactile display captured
image 62. In tactile 1image 58, a portion that is not an 1image
displaying tactile sense 1s transparent, and model display
captured 1mage 61 1s displayed 1n the portion. In the draw- 10
ing, an outline of hand 11D 1s indicated by a dotted line 1n
tactile image 58. The outline of hand 11D 1s 1llustrated in the
drawing to show that the outline of hand 11D can properly
be aligned with model image 51, and 1s not displayed in the
actual 1image. Presentation image generator 36 may generate 15
tactile display captured image 62 by superimposing the
image obtained by superimposing model image 57 and
tactile 1image 58 on captured image 51.

Presentation image generator 36 stores tactile display
captured 1image 62 as presentation 1mage 50 in state data 20
storage 33. Head mount display 4 displays presentation
image 50.

Operator 30 performs the action intended to be performed
by humanoid robot 1 and the action 1s read from the captured
image 1n which the action performed by operator 30 1s 25
captured, thereby generating the action instruction to
humanoid robot 1. The action performed by operator 30 1s
captured by instruction reading cameras 6A, 6B. The place
where the operator 30 performs the action 1s determined in
advance 1n the command center. Instruction reading cameras 30
6A, 6B are disposed such that the object existing 1n the
determined place can be captured with an appropriate angle
difference. The 1mages captured simultaneously by instruc-
tion reading cameras 6A, 6B are referred to as action
instruction mput 1mmages 63A, 63B. The number of mstruc- 35
tion reading cameras may be one or three or more.

The place where operator 30 performs the action to input
the action 1nstruction, mstallation positions and the imaging,
directions of instruction reading cameras 6A, 6B, and the
like are stored 1n structural data storage 32 as reading camera 40
structural data 84.

The length of the upper arm of operator 30, the length of
the forearm, the distances between multiple feature points
representing the shape of the palm, the length of each finger,
and the like are stored in structural data storage 32 as 45
operator physique data 85. The feature point means a point,
such as the shoulder joint, the elbow joint, the wrist joint,
and the fingertip, that can be used to grasp the posture of
operator 30 from the image. In order to facilitate the image
recognition of the feature point, operator 30 may attach a 50
mark to the position of the feature point of operator 30.

Action 1nstruction data generator 37 includes a feature
point extractor 39, an 1image constraint condition generator
40, a posture determiner 41, and an instruction data con-
verter 42. Feature point extractor 39 performs image pro- 55
cessing on action instruction input 1mages 63A, 63B, and
reads a pixel position where a feature point such as a joint
position on the body of operator 30 1s displayed. Instruction
reading cameras 6A, 6B and action instruction data genera-
tor 37 constitute an action instruction inputter with which 60
operator 30 inputs the action instruction instructing the
action to move and stop humanoid robot 1.

The pixel position of the feature point read from action
instruction mput 1mmage 63A means that the feature point
exists on a straight line i1n the three-dimensional space 65
passing through the installation position of 1nstruction read-
ing camera 6 A and having the direction corresponding to the

12

pixel position. The same applies to action instruction input
image 63B. The pixel position of the feature point read from
action istruction input 1mmage 63B means that the feature
point exists on a straight line 1n the three-dimensional space
passing through the installation position of 1nstruction read-
ing camera 6B and having the direction corresponding to the
pixel position. Image constraint condition generator 40
extracts a straight line on which the feature point extracted
by feature point extractor 39 exists. The fact that a feature
point exists on a straight line 1s a constraint condition (1mage
constraint condition) regarding the position where the fea-
ture point exists. For example, the center pixel of the image
corresponds to the straight line extending in the imaging
direction. The pixels at the center 1n the up-down direction
and at both ends in the right-left direction are the straight
lines each extending in a direction inclined 1n the right-left
direction by a half of the viewing angle with respect to the
imaging direction.

Posture determiner 41 determines operator posture data
64 that 1s the three-dimensional position of the feature point
representing the posture of operator 30 captured as action
instruction put images 63A, 63B. Posture determiner 41
determines operator posture data 64 by minimizing an
evaluation function such as the sum of squares of the error
amount of the image constraint condition, while satistying
the constraint condition (physique constraint condition)
determined by operator physique data 85. The weighted sum
of squares of the error amount of the physique constraint
condition and the 1image constraint condition may be mini-
mized as the evaluation function to determine operator
posture data 64. A weighted sum of squares may be used
when the sum of squares 1s taken only by the error amount
of the 1mage constraint condition.

Instruction data converter 42 converts operator posture
data 64 represented by the three-dimensional position of the
feature point 1nto action instruction data 54 represented by
the rotation angle of each joint of humanoid robot 1. Action
instruction data 54 1s expressed 1n the same manner as
posture data 52. In this way, action mstruction data generator
3’7 generates action instruction data 54 from action instruc-
tion 1nput 1mages 63A, 63B at each point of time. Action
instruction data 54 1s obtained as a time series of action
instruction data 54 generated from action instruction input
images 63 A, 63B 1n order of an imaging times each at which
an 1mage 1s captured.

Control signal generator 38 generates a control signal
including action instruction data 54, and sends the control
signal to humanoid robot 1. Humanoid robot 1 changes its
posture according to action instruction data 54 extracted
from the control signal.

An operation 1s described. FIG. 7 1s a tlowchart illustrat-
ing a procedure for controlling the humanoid robot remotely
using the remote control manipulator system of the first
embodiment.

In step S01, robot structural data 81, camera structural
data 82, tactile sensor structural data 83, reading camera
structural data 84, and operator physique data 85 are stored
in structural data storage 32.

In step S02, operator 30 moves or stops such that human-
o1d robot 1 can perform the intended action. Operator 30
may move and then stops, or stops and then moves.

Instruction reading cameras 6 A, 6B capture the images of
operator 30.

In step S03, action instruction data generator 37 generates
action instruction data 34 from action instruction input
images 63A, 638 captured by instruction reading cameras

6A, 6B.
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In step S04, control signal generator 38 generates the
control signal from action 1nstruction data 54, and sends the
control signal to humanoid robot 1.

In step SO05, humanoid robot 1 that receives the control
signal 1s moved or stopped according to action instruction
data 54 included 1n the control signal. When humanoid robot
1 cannot perform the action as 1nstructed by action instruc-
tion data 54, humanoid robot 1 moves similarly to the
instructed action as much as possible.

Posture sensor 9 detects posture data 32 of humanoid
robot 1, and tactile sensor 7 detects tactile data 53. Posture
data 52, tactile data 53, captured image 351 captured by
on-site camera 2, and imaging condition data 55 are sent to
control device 3. When imaging condition data 55 is always
the same, 1imaging condition data 55 1s stored in structural
data storage 32 of control device 3, and may not be sent from
humanoid robot 1 to control device 3.

In step S06, tactile display captured 1mage 62 1s generated
from captured image 51 captured by on-site camera 2,
posture data 52, and tactile data 53. More particularly, model
image generator 34 generates model 1mage 57 using posture
data 52. Tactile 1mage generator 35 generates tactile image
58 using tactile data 353. Presentation image generator 50
generates tactile display captured image 62 by superimpos-
ing model image 37 and tactile image 38 on captured image
51. Tactile display captured 1mage 62 1s displayed on head
mount display 4 as presentation image 50.

In step SO07, operator 30 who views presentation image 50
determines the next action to be performed. Alternatively,
operator 30 mputs an instruction to finish the work.

In step S08, whether or not operator 30 mputs a work
finish mstruction 1s checked. When operator 30 inputs the
work finish instruction (YES 1 S08), the processing 1s
finished. When operator 30 does not mput the work finish
istruction (NO 1n S08), the processing returns to step S02.
Steps S02 to 07 are periodically repeated.

Tactile data 53 detected by the tactile sensor 7 1s also
presented to operator 30 by displaying in presentation image
50. In a brain of operator 30, because tactile information
consistent with visual information 1s reconstructed, the state
of humanoid robot 1 including a tactile sense 1s recognized
with a sense of umity, and humanoid robot 1 can be con-
trolled remotely.

As a reference, FIG. 8 illustrates a configuration diagram
of a model of a general human motion perception system.
Multiple pieces of sensory organ information are recognized
as various kinds of cognitive information used for motion
determination by combining the multiple pieces of sensory
organ information and output of an intracerebral prediction
model. The sensory organ information 1s inputted from
sensory organs such as a visual organ, an auditory organ, a
tactile organ, and a force sense organ. The intracerebral
prediction model 1s constructed from learning data accumu-
lated 1n the brain. The cognitive information 1s recognized
for each sensory organ. Examples of the cognitive informa-
tion include visual cognitive information, auditory cognitive
information, tactile cognitive information, and force sense
cognitive mnformation. The force sense means a feeling that
muscles are exerting power. Based on the visual recognition
information, the auditory recognition information, the tactile
recognition information, and the force sense recognition
information, a human determines what kind of movement 1s
required 1n the brain, and drives each muscle of the body
based on the determination.

FIG. 9 1s a view 1illustrating a flow of information in the
model of the human motion perception system when the
humanoid robot 1s controlled remotely by the remote control
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mamipulator system of the first embodiment. Only the visual
information and the output of the intracerebral prediction
model constructed only from the visual information are
inputted to brain integration processing. For this reason, the
brain prediction model regarding the tactile information or
the force sense iformation 1s not generated, and a timing
difference 1s not generated between the intracerebral predic-
tion model and the actual tactile information and force sense
information. When the operator receives the tactile infor-
mation or the force sense information, the brain prediction
model regarding the tactile information or the force sense
information 1s generated.

The tactile information detected by the manipulator (re-
mote control mamipulator) installed at a separated place 1s
superimposed on the visual information, and presented to
the operator (human). Because the operator reconstructs the
intracerebral prediction model from the visual information,
inconsistency 1s not generated between the visual informa-
tion and the tactile sense obtained in a pseudo manner, and
a rational operational feeling can be obtained for the sensory
organ of the operator.

When the remote control manipulator includes a force
sensor, the force sense mmformation detected by the force
sensor and expressed visually 1s presented to the operator as
the visual mnformation. Consequently, the 1nconsistency 1s
climinated between the visual information and the force
sense 1nformation.

When the remote control manipulator system includes a
tactile presentation device that presents the tactile informa-
tion to the operator, there 1s a possibility of inputting the
visual information and the tactile information at different
timings. When the visual mnformation and the tactile infor-
mation are presented to the operator at different timings, the
operator may feel uncomiortable 1n operating the manipu-
lator. For example, when the visual information 1s presented
carlier, the visual information causes the intracerebral pre-
diction model to predict timing at which the tactile sense 1s
generated. When the tactile information 1s presented from
the tactile sense presentation device in timing different from
the predicted timing, 1t 1s considered that the operator feels
uncomiortable.

The remote construction machine or Da Vinci being a
surgery support robot that 1s the remote control manipulator
system including a tactile sense presentation device and a
force sense presentation device 1s said to operate while the
tactile sense presentation device and the force sense presen-
tation device are turned off. The reason why the tactile sense
presentation device and the force sense presentation device
are turned ofl 1s that, as described above, the operator feels
uncomiortable when the tactile information i1s presented
from the tactile sense presentation device in timing different
from the predicted timing.

In the remote control manipulator system of the present
disclosure, operator 30 grasps the state of the manipulator
visually, and controls the manipulator as needed. For this
reason, the structure on the manipulator side 1s simplified.
Using tlexible ability for situation determination and higher-
order learning ability of a human, a system having simple
configuration can ensure stability and reliability of the entire
system. It 1s considered that the stability and the reliability
of the system 1s still diflicult to be secured 1n the system 1n
which the manipulator that handles the object controls
autonomously using the outputs of the automatic recognition
camera, the tactile sensor, the force sensor, and the like.

As to the visual information, as illustrated 1n FIGS. 5 and
6, hand 11D of humanoid robot 1 i1s displayed as model
image 57 even 1n the portion hidden behind object 20. For
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this reason, operator 30 can grasp the situation of hand 11D
correctly, and the operation accuracy 1s improved.

As 1llustrated in FIG. 6, when the fingertip of hand 11D
contacts with object 20, contact symbol 60 1s displayed at
the contact point. Contact symbol 60 1s displayed, so that the
operator can understand easily and correctly that the finger-
tip of hand 11D contacts with object 20. The model image
may simply be superimposed on the captured image without
displaying the contact symbol. Even 1n this case, operator 30
can grasp the state of humanoid robot 1 correctly, and
control humanoid robot 1 remotely and more easily than
betore.

The mformation 1s presented to the operator mainly by the
visual information. The tactile presentation device that pres-
ents the tactile data detected by the tactile sensor to the
operator becomes unnecessary. The force sense presentation
device that causes the operator to feel the force generated by
the manipulator detected by the force sensor also becomes
unnecessary. That 1s, the system configuration 1s simplified.

The present disclosure can be applied to not only the
humanoid robot but also a robot with only an upper body, a
one-arm robot arm, a robot hand, and the like. The present
disclosure can be applied to any machine or devices that
handles the object. The machine or device that handles the
objects 1s called a manipulator. The object includes a tool
held by the manipulator, the object processed by the tool, the
object that 1s operated without using the tool, and the like.
Examples of the tool include a hand tool such as a screw-
driver and a plier, a cutter such as a kitchen knife and a
scalpel, stationery such as scissors, a ruler, and a writing
tool, a carpenter tool, a cleaning tool, an information device
such as a personal computer, a door or a window of the
building, and a hand cart that carries luggage, and a wheel-
chair and a mobile bed that move a person. The object may
be liqud, solid, or gas. The object includes a human, an
amimal, and a plant.

According to the remote control manipulator system of
the present disclosure, work operation performance of the
remote control manipulator 1s improved. Using a remote
control robot or manipulator, hard work such as work 1 a
dangerous environment or a harsh or uncomitortable envi-
ronment for a human and an operation to treat a heavy object
for a human can be performed while a load on the human 1s
reduced. The remote control robot or manmipulator can be
used to support a worker involved 1n a disaster response and
in an industrial field 1n which there exists a labor shortage.
The remote control robot or manipulator can also be used to
support nursing care by the robots in an aging society.

It 1s assumed that using the mampulator remote control
system, a gripping operation 1s performed by the remote
work machine or the hand of the robot while viewing a video
from a remote location during a disaster relief or at a factory
of general industry or a construction site. However, in the
actual operation, 1t 1s diflicult to learn or to make models of
an environment and a gripping object 1n advance. In a
vision-based operation system of the remote control manipu-
lator of the present disclosure, the operator can recognize an
ambient environment and a work situation from vision-base
information, and the operation reliability of the remote
control manipulator can be expected to be improved.

As a system that reads the action instruction, a system
other than a system 1n which the operation of the operator 1s
captured by the camera and the action instruction 1s read
from the captured image can be used. For example, the
action instruction mnput device in which a sensor that reads
the motion of the operator or a tension degree of the muscle
1s attached to the body of the operator may be used. The
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action instruction may be inputted using a control stick, a
steering wheel (handle), a lever, a joystick, a button, a knob,

a pedal, or the like. Any action instruction inputter may be
used as long as the action in which the manipulator 1s moved
or stopped can be inputted.

The above 1s also applied to other embodiments.

Second Embodiment

A second embodiment 1s the case where the first embodi-
ment 1s modified so as to notify an operator of the contact by
sound 1n addition to the contact symbol. In the second
embodiment, when the state in which the contact symbol 1s
not displayed 1s changed to the state 1n which the contact
symbol 1s displayed, or when the display of the contact
symbol 1s changed, a contact sound i1s generated for a
predetermined time. FIG. 10 15 a block diagram 1llustrating
a functional configuration of a remote control manipulator
system according to the second embodiment of the present
disclosure. Points diflerent from those in FIG. 3 of the first
embodiment are described.

A control device 3A constituting a remote control manipu-
lator system 100A includes a contact sound generator 43.
Tactile data 53 mputted at the previous cycle 1s stored such
that contact sound generator 43 can refer to tactile data 33
inputted at the previous cycle. Contact sound generator 43
checks whether or not the diflerence between tactile data 53
inputted at this cycle and tactile data 53 mputted at the
previous cycle satisfies a determined condition. When the
determined condition 1s satisfied, contact sound generator 43
generates the contact sound 1indicating that tactile data 33 1s
changed. Headphones 5 output the contact sound 1n addition
to the sound mputted from the microphone of on-site camera
2. Contact sound generator 43 1s a sound controller that
controls the headphones 5 according to the tactile data to
generate the sound.

The predetermined condition that generates the contact
sound (referred to as a contact sound output condition) 1s, for
example, the case where existence of tactile sensor 7 1n the
contact state 1s detected when all tactile sensors 7 are in the
non-contact state. When multiple tactile sensors 7 are
mounted on one finger, a contact sound output condition
may be the case where the existence of tactile sensor 7 in the
contact state 1s detected in the multiple tactile sensors 7 for
fingers before all tactile sensors 7 are in the non-contact
state. When the contact 1s continued, the contact sound may
be outputted continuously.

A method for presenting presentation image 50 with the
contact sound 1s described. FIG. 11 15 a view 1illustrating an
example of a method for notifying the operator by sound of
the change in tactile data together with the presentation
image in the remote control manipulator system of the
second embodiment. An upper side of FIG. 11 1s a display
example of presentation 1mage 50 when all tactile data 53
are 1n the non-contact state at a point of time tn. A lower side
of FIG. 11 1s a display example of presentation image 50
when tactile data 53 in the contact state exists at a point of
time tn+1. Contact symbol 60 1s displayed on the contact
portion, and the contact sound 1s outputted to headphones 5.
The output of the contact sound to headphones 5 is repre-
sented by a musical note (J4 ) in FIG. 11. A length of a period
(Ts) during which the contact sound 1s outputted may be set
to an appropriate time for human recognition, and may be set
longer than a cycle 1n which presentation image 50 1is
updated.

The contact sound may be changed depending on the
magnitude of the contact force. For example, the loud sound
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1s outputted for the large contact force, and the small sound
1s outputted for the small contact force. Sound quality may
also be changed depending on a physical property (rngidity)
of the operation target. For example, a high-frequency
percussion sound can be considered for a hard object, and a
low-frequency percussion sound can be considered for a soft
object. Sound produced by a musical mstrument (such as a
whistle or a stringed instrument) may be used instead of the
percussion sound. An intermittent sound may be used to
change the interval between the sounds or the length of the
continuous sound.

The operation 1s described. FIG. 12 1s a flowchart illus-
trating a procedure for controlling the humanoid robot
remotely using the remote control manipulator system of the
second embodiment. Points different from those 1n FIG. 7 of
the first embodiment are described.

Steps S11 and S12 are added between steps S06 and S07.
In S06, the presentation 1image 1s presented to the operator.
In step S11, whether or not tactile data 53 satisfies a contact
sound output condition and whether or not the elapsed time
since the satisfaction 1s less than or equal to Ts are checked.
When the contact sound output condition 1s satisfied and the
clapsed time 1s less than or equal to Ts (YES 1n S11), the
contact sound 1s outputted from headphones 5 1n step S12.
When the contact sound output condition 1s not satisfied or
when Ts elapses since the contact sound output condition 1s
satisfied (NO 1n S11), the processing proceeds to step S07.
In step S07, the operator judges the presentation 1image and
the contact sound.

The tactile information can be reconstructed more eflec-
tively by presenting the tactile information as the sound to
the operator. The auditory sense has the following two
characteristics.

(A) An auditory response speed of the human 1s the fastest
among the sensory organs.

(B) A data volume of audio information i1s small than a
data amount of visual information, and a time delay causes
small influence.

Because the auditory sense has the above characteristics,
it 1s effective to notify the operator of the tactile information
using the sound. By notitying the operator by the sound, the
operator can recognize more correctly and more easily that
the humanoid robot contacts with the object as compared
with the case where the operator i1s notified of the tactile
information only by the visual information.

Third Embodiment

A third embodiment is the case where the second embodi-
ment 1s modified such that the action instruction from the
operator 1s also displayed in the presentation image. By
displaying an image representing the action instruction 1n
the presentation 1image, the operator can determine whether
or not the motion of the humanoid robot 1s performed
according to the action mnstruction, and determine whether
or not the action instruction 1s appropriate. The operator
judges that the action istruction 1s appropriate when the
motion of the humanoid robot i1s performed according to the
action instruction, and the action instruction 1s inappropriate
when the motion of the humanoid robot 1s different from the
action instruction. FIG. 13 1s a block diagram illustrating a
functional configuration of a remote control manipulator
system according to the third embodiment of the present
disclosure. Points different from those i FIG. 10 of the
second embodiment are described.

A control device 3B constituting a remote control manipu-
lator system 100B includes an action instruction image
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generator 44 and an mstruction execution result detector 45.
A structural data storage 32B, a state data storage 33B, an
action instruction data generator 37B, and a presentation
image generator 36B are modified.

Action mstruction data 54B 1s modified from action
instruction data 34 so as to include a maximum value
(1nstruction action force) of the force (action force) gener-
ated by the action and the action speed (instruction speed).
Action instruction data generator 37B generates action
instruction data 54B.

Action mstruction image generator 44 generates an action
instruction 1mage 66. Action instruction image 66 1s dis-
played 1n a layer on the back side of model 1image 57 and on
the front side of captured image 51. Action instruction image
66 1includes an action instruction icon 65 displaying, like an
amimation i1mage, the action content instructed by action
instruction data 54B. Action 1nstruction icon 65 1s an icon
(picture symbol) representing the action following the action
instruction. Action instruction icon 65 is an i1con that com-
bines action 1nstruction display elements 86 that are display
clements 1n which the upper arm, the forearm, the hand, and
the like of operator 30 are modeled. For example, FIG. 14
illustrates action instruction icon 65 when hand 11D moves,
while holding object 20. FIG. 14 1s a view 1llustrating an
example of the presentation 1mage including the action
instruction icon generated by the remote control manipulator
system of the third embodiment. In FIG. 14(B), action
instruction icon 65 in which action instruction display
clements 86 of the forecarm and the hand are combined 1s
displayed at a position diflerent from manipulator image 59.
By displaying action instruction icon 65 at the position
different from humanoid robot 1, operator 30 1s informed
that humanoid robot 1 cannot execute the operation
instructed by action instruction data 54B.

Action mstruction display element 86 1s a display element
having unchanged shape and being used to express action
instruction icon 65. Action instruction icon 65 1s expressed
by combining action instruction display elements 86 in
which positions, orientations, colors, and the like are
changed. Action instruction display element 86 1s stored 1n
the structural data storage 32B.

Action instruction data generator 37B also includes an
action force speed detector 46. Action force speed detector
46 determines instruction action force and instruction speed
from the action of operator 30. The nstruction action force
and the 1nstruction speed are sent to humanoid robot 1 as a
part ol action instruction data 54B. The instruction action
force and the instruction speed are determined for each joint
12. When the manipulator having a state quantity associated
with a portion other than the joint and from which the
posture data 1s to be generated, the mstruction action force
and the mstruction speed are also determined for the portion
other than the joint.

Action force speed detector 46 calculates the action speed
from the time series of operator posture data 64. The action
speed 1s calculated from the values of operator posture data
64 at three or more points of time 1n order to reduce an error.
An 1nstantaneous speed that 1s a diflerence from the previous
value may be used. When the calculated action speed 1s
faster than an upper limit at which humanoid robot 1 1is
determined to be standstill, the magnitude of the instruction
action force 1s determined such that the instruction action
force increases with decreasing speed detected from the
action. The speed detected from the action 1s multiplied by
a proportional coeflicient and the speed obtained by multi-
plying 1s set to the instruction speed. A force-speed conver-
s1on coethicient 87 1s the proportional coethicient for each of
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operator posture data 64 for obtaining the instruction action
force or the instruction speed, a constant used 1n a calcula-
tion formula, or the like. Force-speed conversion coeflicient
87 1s stored 1n structural data storage 32B. Action 1nstruction
data 54B 1ncludes the 1nstruction speed and the instruction
action force.

The instruction action force may be mputted 1n advance.
The 1nstruction action force may be mnputted by stepping on
a pedal or the like with a foot while action 1nstruction 1s
inputted using the arm. Any method 1n which the operator
inputs the instruction action force may be used.

Actuator 13 corresponding to each portion of humanoid
robot 1 outputs the force less than or equal to the instruction
action force such that each portion of humanoid robot 1
moves at the instruction speed. The instruction action force
1s used as the upper limit of the force that 1s generated by
humanoid robot 1 according to action mstruction data 54B.
When the action force (required action force) required to
move each portion of humanoid robot 1 at the instruction
speed 1s less than the 1nstruction action force, corresponding
actuator 13 generates the required action force. When the
instruction action force 1s smaller than the required action
force, the portion of humanoid robot 1 does not move, or
moves slower than the mstruction speed. The required action
force 1s changed depending on the situation, 1n which the
action 1s performed, such as a weight of object 20.

Instruction execution result detector 45 compares action
instruction data 54B to posture data 52 after a predetermined
time (action delay time) elapses, detects whether or not
humanoid robot 1 can execute the action according to action
instruction data 54B, and generates the detection result as
action execution result data 67. The fact that the action of
humanoid robot 1 does not follow action instruction data
54B 1s referred to as “unexecuted”. Instruction unexecuted
posture data 1s posture data 52 1n which action execution
result data 67 being “unexecuted” 1s generated. Action
instruction 1mage generator 44 generates action instruction
image 66 using instruction execution result data 67.

Instruction execution result detector 45 obtains a differ-
ence between action instruction data 54B and posture data
52 after the action delay time for each joint. When the
difference 1s smaller than or equal to a threshold, 1t 1s
determined that joint 12 1s executed according to action
instruction data 54B (normal). Instruction execution result
data 67 1s generated as normal. When the difference 1s larger
than the threshold, 1t 1s determined that the operation 1s not
executed according to action instruction data 54B (unex-
ecuted). Instruction execution result data 67 1s generated as
“unexecuted”. In order to reduce an influence of a detection
error ol posture data 52, instruction execution result data 67
1s not generated for action 1nstruction data 548 at one point
of time, but instruction execution result data 67 may be
generated for action mnstruction data 54B at multiple points
of time.

When all instruction execution result data 67 are normal,
action 1nstruction 1mage generator 44 displays action
instruction 1con 65 on the back side at the same position as
manipulator image 59. When all instruction execution result
data 67 are normal, action istruction icon 65 may not be
displayed. When 1nstruction execution result data 67 that 1s
“unexecuted” exists, namely, 1n a case where there exists
instruction unexecuted posture data, action i1nstruction icon
65 1s displayed at the position apart from manipulator image
59 with respect to the joint corresponding to instruction
execution result data 67 that 1s “unexecuted”. The positional
relationship between action nstruction icon 65 and manipu-
lator 1mage 39 may be changed depending on the magnitude
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ol the diflerence between action instruction data 54B asso-
ciated with struction execution result data 67 that 1s
“unexecuted” and posture data 52 after the action delay time.

As an example, the situation in which the arm moves 1s
considered. When instruction execution result data 67 1is
normal with respect to the motion of the shoulder joint and
instruction execution result data 67 1s “unexecuted” with
respect to the motion of the elbow joint, the hand side from
the forearm 1n action instruction icon 63 1s displayed at the
position apart from manipulator 1image 39. When instruction
execution result data 67 1s “unexecuted” with respect to the
motion of the shoulder joint and instruction execution result
data 67 1s normal with respect to the motion of the elbow
jomt, the entire arm including the upper arm 1n action
instruction 1con 65 1s displayed at the position apart from
mamipulator image 59.

When the instruction action force included in action
instruction data 54B 1s smaller than the action force (re-
quired action force) required for the action instructed by
action mstruction data 54B, the corresponding joint does not
move according to the mstruction. FIG. 14(B) illustrates the
case where forearm 11C and hand 11D of humanoid robot 1
holding object 20 cannot move when the instruction action
force 1s smaller than the required action force. Forearm 11C
and hand 11D do not move, but action instruction icon 65 1s
displayed at the position nstructed to move. In FIG. 14(A),
the instruction action force 1s greater than or equal to the
required action force, forearm 11C and hand 11D can move
while holding object 20. Action instruction icon 65 1s
displayed on the back side at the same position as forearm
11C and hand 11D.

Humanoid robot 1 has a limit value regarding at least one
of the force or torque generated at each joint 12, moving
speed, and rotational angular speed. At least a part of the
limit values can be changed. Humanoid robot 1 operates so
as not to exceed the limit value. Posture data 52 associated
with the limit value 1s referred to as limit value-associated
posture data 52. When action instruction data 34B which
causes limit value-associated posture data 52 to exceed the
limit value 1s inputted, limit value-associated posture data 52
cannot change according to action instruction data 54B due
to the limit value. As to limit value-associated posture data
52, action 1nstruction data 54B 1s not executed, and instruc-
tion execution result detector 45 detects that action 1nstruc-
tion data 54B 1s not executed.

Presentation 1mage generator 36B generates action
istruction display captured image 68 i1n which action
instruction 1image 66 including action instruction icon 65 1s
superimposed on tactile display captured image 62. Action
instruction display captured image 68 1s displayed on head
mount display 4 as presentation image 30B.

The operation 1s described. FIG. 15 1s a flowchart 1llus-
trating a procedure for controlling the humanoid robot
remotely using the remote control manipulator system of the
third embodiment. Points different from those 1n FIG. 12 of
the second embodiment are described.

In step S01B, action instruction display element 86 and
the force-speed conversion coeflicient 87 are also stored in
structural data storage 32B.

In step S03B, action instruction data generator 37B gen-
erates action instruction data 54B from action instruction
iput 1mages 63A, 63B captured by instruction reading
cameras 6A, 6B. Action instruction data 54B includes the
istruction speed and the instruction action force.

In step S05B, humanoid robot 1 that receives the control
signal takes the posture or moves according to action
instruction data 54B included in the control signal. Each
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portion of humanoid robot 1 operates with the instruction
action force as the upper limit of the force outputted by

corresponding actuator 13 so as to move at the instruction
speed included 1n action mstruction data 54B. Actuator 13 1n
which the instruction action force 1s designated generates the 5
force less than or equal to the istruction action force.

In step S06B, action instruction display captured image
68 1s generated from captured 1mage 51, posture data 52,
tactile data 53, and action instruction data 54B. Action
instruction display captured image 68 1s displayed on head 10
mount display 4 as presentation image 50.

In action istruction display captured image 68, action
instruction icon 65 representing the action instructed by
operator 30 1s displayed together with captured image 51.
When the action can be executed according to the mstruc- 15
tion, action 1nstruction 1con 65 1s displayed on the back layer
while superimposed on humanoid robot 1 1n captured 1image
51 and manipulator image 59. When the action cannot be
executed according to the instruction, action instruction icon
65 1s displayed at the position apart from humanoid robot 1 20
in captured image 51 and manipulator image 59. Thus,
operator 30 can determine easily whether or not humanoid
robot 1 1s controlled remotely according to the instruction
from presentation 1mage 50.

Whether or not humanoid robot 1 can operate according 25
to the instruction depends on whether or not operator 30
performs the action to generate action instruction data 54B
that causes humanoid robot 1 to generate the action force
required for the action. For this reason, operator 30 can
clliciently learn the characteristics of humanoid robot 1 or 30
manipulator, which 1s controlled by operator 30 remotely, by
performing the remote control while viewing action mnstruc-
tion display captured image 68.

Fourth Embodiment 35

A Tourth embodiment 1s the case where the third embodi-
ment 1s modified so as to have a simulation function such
that the operator can practice to become skilled in the remote
control of the humanoid robot. FIG. 16 1s a block diagram 40
illustrating a functional configuration of a remote control
manipulator system according to the fourth embodiment of
the present disclosure. Points diflerent from those 1n FIG. 13
of the third embodiment are described.

Control device 3C constituting remote control manipula- 45
tor system 100C includes a simulator 47 and an ambient
environment 1mage generator 48. A structural data storage
32C, a state data storage 33C, a model image generator 34C,
and a presentation 1image generator 36C are modified.

Structural data storage 32C stores also environment struc- 50
tural data 88 representing structural data associated with an
ambient environment where humanoid robot 1 exists. Object
20 1s mcluded 1n the ambient environment. Examples of
environment structural data 88 include the weight and shape
of object 20 and vertical or horizontal lengths and a height 55
to a ceiling of a room where humanoid robot 1 1s located.
Robot structural data 81C also stores structural data required
for a stmulation of the action of actuator 13.

State data storage 33C stores posture data 52C, tactile data
53C, mmaging condition data 55C, a three-dimensional 60
model 56C, an ambient environment image 69, and a
simulation 1image 70. Posture data 52C, tactile data 33C, and
imaging condition data 35C are recorded by simulator 47
while simulator 47 operates. When humanoid robot 1 1s
actually controlled remotely, the value received by commu- 65
nicator 31 1s stored. In state data storage 33C, when simu-
lator 47 operates, posture data 52C, tactile data 53C, and
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imaging condition data S5C may be recorded at and referred
to a region different from the region used when humanoid
robot 1 1s controlled remotely, or may be recorded at and
referred to the same region.

Simulator 47 refers to structural data storage 32C and
state data storage 33C and simulates the action of humanoid
robot 1. Stmulator 47 performs the simulation such that a
simulation result for action instruction data 54B 1s obtained
at a point of time when the action delay time elapses after
action instruction data 34B is mputted. Simulator 47 outputs
posture data 52C, tactile data 53C, and imaging condition
data 55C, which are obtained as a result of the simulation.
Because on-site camera 2 1s installed on head 11E of
humanoid robot 1, there exists a case in which the position
of on-site camera 2 1s changed due to the action of humanoid
robot 1. Simulator 47 also outputs 1maging condition data
55C 1ncluding the position of on-site camera 2.

During the simulation, three-dimensional model 56C 1s a
three-dimensional model representing not only humanoid
robot 1 but also the three-dimensional position and shape of
the ambient environment. When humanoid robot 1 1s actu-
ally controlled remotely, three-dimensional model 56C 1s a
three-dimensional model of only humanoid robot 1. Three-
dimensional model of humanoid robot 1 1s generated by
model 1mage generator 34C, and the three-dimensional
model of the ambient environment 1s generated by ambient
environment 1mage generator 48. The three-dimensional
model generator that generates the three-dimensional model
56C of humanoid robot 1 and the ambient environment
during the simulation may be provided separately from
model image generator 34C and ambient environment image
generator 48.

The position of on-site camera 2 1s changed depending on
the action of the humanoid robot 1 simulated by simulator
4'7. Ambient environment image 69 1s an 1image 1n which the
ambient environment 1s viewed from the position of on-site
camera 2. Ambient environment image generator 48 refers to
environment structural data 88, posture data 52C, and three-
dimensional model $6C and generates ambient environment
image 69. Ambient environment 1mage 69 generated during
the simulation 1s used instead of captured image 51 that 1s
captured when the simulation i1s not performed. For each
pixel of ambient environment 1image 69, the distance from
on-site camera 2 to the object displayed on the pixel is
stored.

Model 1mage generator 34C refers to posture data 52C
outputted from simulator 47 and robot structural data 81 and
generates model 1mage 57 during the simulation. As to
model image 57, the distance from on-site camera 2 to the
portion of three-dimensional model 56 displayed on the
pixel 1s stored correspondingly to the pixel displaying
mampulator image 39.

When the three-dimensional position of each portion of
humanoid robot 1 determined from posture data 52C gen-
crated by simulator 47 coincides with the position where
object 20 exists, tactile data 53C indicating “being in con-
tact” 1s generated.

Presentation image generator 36C generates simulation
image 70 by superimposing model image 37 on ambient
environment image 69 during the simulation. Model image
57 1s superimposed on ambient environment 1mage 69 such
that manipulator 1mage 59 included 1n model image 57 1s
displayed in preference to ambient environment image 69.
Specifically, manipulator 1image 59 1s displayed also 1n
simulation 1image 70 at the pixels where manipulator 1mage
59 1s displayed 1in model image 57. For example, 1n the
simulation, when the three-dimensional position of object 20
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1s located closer to on-site camera 2 than humanoid robot 1
and object 20 hides humanoid robot 1, object 20 1s displayed
in ambient environment 1mage 69 at the pixels (referred to
as a pixel XX), and manipulator image 59 1s displayed 1n
model 1image 57 at pixel XX. In simulation 1mage 70, only
manipulator image 59 or manipulator 1mage 39 and object
20 are displayed at the pixel XX. Simulation image 70 1s an
image in which three-dimensional model 56C including
humanoid robot 1 and the ambient environment i1s viewed
from the position of on-site camera 2 with referring to
posture data 55C outputted from simulator 47 and structural
data storage 32.

Ambient environment image generator 48, model 1mage
generator 34C, and presentation 1mage generator 36C con-
stitute the simulation 1mage generator that generates simu-
lation 1image 70.

Presentation 1mage generator 36C generates an action
istruction display simulation image 71 i which tactile
image 38 including contact symbol 60 and action instruction
image 66 including action instruction i1con 63 are further
superimposed on simulation 1mage 70. Action 1nstruction
display simulation image 71 1s displayed on head mount
display 4 as presentation image 50.

The operation 1s described. FIG. 17 1s a flowchart illus-
trating a procedure for controlling the humanoid robot
remotely using the remote control manipulator system of the
fourth embodiment. Points different {from those 1n FIG. 15 of
the third embodiment are described.

In step S01C, environment structural data 88 1s also stored
in structural data storage 32C.

Step S13 of checking whether or not the simulation 1s
performed 1s added betfore step S04 of sending the control
signal to humanoid robot 1. When the simulation i1s not
performed (NO 1n S13), steps S04 to S06B are performed.

When the simulation 1s performed (YES 1 S13), action
instruction data 54B 1s inputted to simulator 47 1n step S14.
In step S15, simulator 47 performs the simulation such that
humanoid robot 1 takes the action instructed by action
instruction data 34B. As a result of the simulation, posture
data 52C, tactile data 53C, and 1maging condition data 55C
are generated and outputted. In step S16, model 1mage
generator 34C generates model 1image 57 from posture data
52C and imaging condition data 55C, which are outputted
from simulator 47, and ambient environment 1mage genera-
tor 48 generates ambient environment 1mage 69.

In step S17, presentation 1image generator 36C generates
action 1nstruction display simulation image 71 from model
image 37, ambient environment 1mage 69, posture data 52C,
tactile data 53C, imaging condition data 55C, and action
instruction data 54B. Action instruction display simulation
image 71 1s presented to operator 30 as presentation 1image
50. Action 1nstruction display simulation image 71 1s dis-
played on head mount display 4 as presentation image 30.
Step S07 1s executed after step S17.

When simulator 47 1s provided, operator 30 can more
casily practice the operation of humanoid robot 1. For this
reason, a skill of operator 30 to control humanoid robot 1
remotely can efliciently be acquired 1n a shorter period of
time as compared with the case where simulator 47 1s not
provided.

The control device may include the simulation image
generator that generates the simulation 1image nstead of the
ambient environment image generator. A modification of the
fourth embodiment 1including the simulation 1mage genera-
tor 1s described with reference to FIGS. 18 and 19. FIG. 18
1s a block diagram 1illustrating a functional configuration of
a remote control manipulator system according to a modi-
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fication of the fourth embodiment. FIG. 19 1s a flowchart
illustrating a procedure for controlling the humanoid robot

remotely using the remote control manipulator system of the
modification of the fourth embodiment.

A control device 3D constituting a remote control
mampulator system 100D of the modification has a simu-
lation 1image generator 48D 1nstead of the ambient environ-
ment 1mage generator 48 with respect to control device 3C.
A state data storage 33D and a presentation image generator
36D are modified. Control device 3D includes model image
generator 34 instead of model 1image generator 34C. Model
image generator 34 operates only when humanoid robot 1 1s
controlled remotely, but does not operate during the simu-
lation.

State data storage 33D does not store ambient environ-
ment 1mage 69. Simulation 1mage generator 48D generates
three-dimensional model 56C, and generates simulation
image 70 from three-dimensional model 56C. Simulation
image generator 48D obtains the distances from on-site
camera 2 to humanoid robot 1 or the ambient environment
from three-dimensional model 56C, and generates simula-
tion 1mage 70 such that humanoid robot 1 or the ambient
environment having the shorter distance 1s displayed. How-
ever, simulation 1mage 70 1s generated such that both
mampulator 1mage 59 and the image of the ambient envi-
ronment are displayed at the pixels where object 20 exists at
the closer position than humanoid robot 1. Simulation image
generator 48D generates simulation 1mage 70 i which
mampulator 1image 359 1s displayed in preference to the
ambient environment.

Presentation 1mage generator 36C generates action
instruction display simulation image 71 i which tactile
image 38 including contact symbol 60 and action instruction
image 66 including action instruction icon 65 are superim-
posed on simulation 1mage 70. Action instruction display
simulation image 71 1s displayed on head mount display 4 as
presentation 1mage 50.

Points different between FIGS. 19 and 17 are described.
In step S16D, simulation 1image generator 48D generates
simulation 1mage 70. In step S17D, presentation image
generator 36C generates action instruction display simula-
tion 1mage 71 from simulation 1mage 70, posture data 52C,
tactile data 53C, imaging condition data 55C, and action
instruction data 54B.

The simulation 1mage generator may produce the model
image and the ambient environment image, and produce the
simulation 1mage by superimposing the model image on the
ambient environment image. Any simulation image genera-
tor can be used as long as the simulation 1mage generator
generates the simulation 1image being the 1image in which the
mamipulator model and the ambient environment are viewed
from the position of the camera, referring to the posture data
outputted from the simulator and the structural data storage.

The simulator may not simulate tactile sensor 7, and may
not output the tactile data. The simulator may simulate
tactile sensor 7, but may not generate the action instruction
image. The control device that controls the humanoid robot
that does not include the tactile sensor or the control device
that does not include the action 1nstruction 1mage generator
may include the simulator.

Fitth Embodiment

In a fifth embodiment, the third embodiment 1s modified
such that the operator wears an exoskeleton type action
istruction mput device and the action instruction input
device generates the force that prevents the motion of the
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operator when the action 1nstruction 1s mappropnate. FIG.
20 1s a block diagram 1illustrating a functional configuration
ol a remote control manipulator system according to the fifth

embodiment of the present disclosure. Points different from
those 1 FIG. 13 of the third embodiment are described.

Operator 30 wears an exoskeleton type action instruction
iput device 90. FIG. 21 1s a view 1llustrating a structure of
the exoskeleton type action instruction input device included
in the remote control manipulator system of the fifth
embodiment. Action instruction mput device 90 includes a
shoulder connecting frame 91, a shoulder mounting band 92,
left and right shoulder joint measurers 93, left and night
upper arm frames 94, left and right elbow joint measurers
95, and left and right forearm frames 96, and a wrist
mounting band 97. Shoulder connecting frame 91 1s a frame
that connects the positions of two shoulders. Shoulder
mounting band 92 mounts the shoulder connecting frame 91
near the left and night shoulders of operator 30. Wrist
mounting band 97 mounts forearm frames 96 to the lett and
right wrists of operator. The lengths of shoulder connecting,
frame 91, upper arm frame 94, and forearm frame 96 can be
adjusted depending on the physique of operator 30. The
action mnstruction input device may be an endoskeleton type
action 1nstruction mput device.

In normal operation, shoulder joint measurer 93 measures
the angle formed between upper arm frame 94 and shoulder
connecting frame 91 without preventing the action of opera-
tor 30. Shoulder joint measurer 93 measures two angles of
the rotation 1n the front-rear direction and the rotation in the
left-right direction as the angle formed between upper arm
frame 94 and shoulder connecting frame 91. Flbow joint
measurer 95 measures the angle formed between forearm
frame 96 and upper arm frame 94 as the rotation angle of the
two rotational degrees of freedom.

When shoulder joint 12A or elbow joint 12B of humanoid
robot 1 cannot move according to the action instruction
inputted by operator 30, shoulder joint 12A or elbow joint
12B that cannot move according to the action instruction,
namely, the portion where the action instruction i1s not
executed, generates the force (referred to as resistance force)
preventing the action of operator 30. Each of shoulder joint
measurer 93 and elbow joint measurer 95 1s also an action
restraint force generator that generates the resistance force.
An example of the case where humanoid robot 1 cannot
move according to the action instruction 1s the case where
operator 30 moves at the speed exceeding the speed at which
humanoid robot 1 can move. The resistance force 1s gener-
ated by an electromagnetic solenoid, an electrorheological
fluid, an electric brake, or the like. When the posture data 1s
defined for a portion other than the joint, the resistance force
may be generated at the portion corresponding to the posture
data.

As to left and right shoulder joints 12A and elbow joints
12B of humanoid robot 1, an action instruction data gen-
erator 37E generates action instruction data 54B from the
angles measured by left and right shoulder joint measurers
93 and elbow joint measurers 95. As to portions other than
shoulder joint 12A and elbow joint 12B, action 1nstruction
data generator 37E generates action instruction data 54B
from action instruction mmput images 63A, 63B.

Humanoid robot 1 changes the angle of joint 12 by the
expansion and contraction of actuator 13. The arrangement
of actuator 13 1s the same as that of a human muscle, and
shoulder joint 12A and elbow joint 12B have two rotational
degrees of freedom. Shoulder joint measure 93 and elbow
joint measure 95 output the measured rotation angles as the
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rotation angles to be taken by shoulder joint 12A and elbow
jomt 12B of humanoid robot 1.

A control device 3E constituting a remote control manipu-
lator system 100E includes an action restraint force control-
ler 49. When 1nstruction execution result data 67 shows that
the 1nstruction 1s not executed for left and right shoulder
joints 12A and elbow joints 12B of humanoid robot 1, action
restraint force controller 49 controls corresponding shoulder
joimnt measurer 93 or elbow joint measurer 95 so as to
generate the resistance force. The magnitude of the resis-
tance force 1s changed depending on the difference between
action 1nstruction data 54B and posture data 52 after the
action delay time. Shoulder joint measurer 93 or elbow joint
measurer 95 to which action restraint force controller 49
sends the control signal for generating the resistance force
corresponds to joint 12 in which action instruction icon 65
1s displayed separately from manipulator image 59.

Action mstruction input device structural data 89 defining
the structure of action instruction mput device 90 1s also
stored 1n a structural data storage 32E. In action 1nstruction
input device structural data 89, for each instruction execu-
tion result data 67 the corresponding joint measurer (action
restraint force generator) of action command 1nput device 90
1s defined.

The operation 1s described. FIG. 22 1s a flowchart 1llus-
trating a procedure for controlling the humanoid robot
remotely using the remote control manipulator system of the
fifth embodiment. Points different from those 1n FIG. 15 of
the third embodiment are described.

In step SO1E, action instruction input device structural
data 89 1s also stored in structural data storage 32FE.

In parallel to step S06B of generating action instruction
display captured 1mage 68 as presentation image 30, steps
S21 and S22 are executed. In step S21, 1t 1s checked whether
or not there exists unexecuted instruction execution result
data 67 for shoulder joint 12A and elbow joint 12B. When
unexecuted 1nstruction execution result data 67 exists (YES
in S21), the resistance force 1s generated 1n the joint mea-
surer assoclated with posture data 32 corresponding to
unexecuted instruction execution result data 67 1n step S22.

FIG. 23 1s a view 1llustrating a state 1n which the resis-
tance force 1s generated when the humanoid robot 1s con-
trolled remotely using the remote control manipulator sys-
tem of the fifth embodiment. FIG. 23 illustrates the case
where operator 30 bends the elbow joint too quickly. In
presentation 1mage 50, action instruction icons 65 of the
forearm and the hand are displayed at the positions apart
from humanoid robot 1. At the same time, elbow joint
measurer 95 generates the resistance force. Generating the
resistance force causes operator 30 to feel that the smooth
motion of the elbow joint 1s prevented.

In step SO7E, when the resistance force 1s generated at the
same time as operator 30 views presentation image 30,
operator 30 feels the resistance force, and determines the
next action to be performed. Alternatively, operator 30
inputs an instruction to finish the work.

Not only the action 1nstruction mputted by operator 30 1s
visually displayed, but also the operator can recognize the
inappropriate action instruction by the resistance force gen-
crated by the action restraint force generator when the mput
action 1nstruction 1s mappropriate as to the shoulder joint or
the elbow jomnt. For this reason, the characteristics of
humanoid robot 1 or the manipulator controlled remotely by
operator 30 can be efliciently learned.

Each of wrist joint 12C and the finger joints of hand 11D
of humanoid robot 1 may include the action 1nstruction mput
device that 1s also used as the action restraint force generator
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that generates the resistance force. The action instruction
input device that inputs at least a part of the action struc-

tions may be such action instruction mput device that 1s also
used as the action restraint force generator. Operator 30 may
wear the action restraint force generation device (action
restraint force generator) that 1s not used as the action
instruction input device.

The simulator that can also generate the resistance force
preventing the action of the operator when the action
instruction 1s inappropriate.

In the present disclosure, a free combination of the
embodiments or a modification or omission of each embodi-
ment can be made without departing from the scope of the
present disclosure.

REFERENCE SIGNS LIST

100, 100A, 100B, 100C, 100D, 100E: remote control
manipulator system

1: humanoid robot (manipulator)

2: on-site camera (camera)

3, 3A, 3B, 3C, 3D, 3E: control device

4: head mount display (display device)

5: headphone (sound generator)

6A, 6B: istruction reading camera (action instruction
inputter)

7: tactile sensor

8: communication line

9: posture sensor

10: LAN

11: skeleton

11A: trunk

11B: upper arm

11C: forearm

11D: hand

11E: head

12: joint

12A: shoulder joint

12B: elbow joint

12C: wrist joint

12D: neck joint

13: actuator

14: controller

15: communicator

16: storage

20: object

30: operator

21: CPU (Central processing unit)

22: memory

31: communicator

32, 32B, 32C, 32E: structural data storage

33, 33B, 33C, 33D: state data storage

34: model 1image generator

34C: model image generator (simulation 1mage generator)

35: tactile 1image generator

36, 368, 36D: presentation 1image generator

36C: presentation 1mage generator (simulation image
generator)

37, 378, 37E: action instruction data generator (action
instruction nputter)

38: control signal generator

39: feature point extractor

40: 1mage constraint condition generator
41: posture determiner
42: mstruction data converter
43: contact sound generator (sound controller)
44.

action 1nstruction 1image generator
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45: 1struction execution result detector

46: action force speed detector

4'7: simulator

48: ambient environment image generator (simulation
image generator)

48D: simulation 1mage generator

49: action restraint force controller

50, 50B, 50C: presentation image

51: captured 1mage

52, 52C: posture data

53, 53C: tactile data

54, 54B: action instruction data

55, 55C: imaging condition data

56: three-dimensional model

57: model 1mage

58: tactile 1mage

59: manipulator 1mage

60: contact symbol

61: model display captured image

62: tactile display captured 1mage

63A, 63B: action instruction input image

64: operator posture data

65: action 1nstruction icon

66: action 1nstruction image

67: instruction execution result data

68: action instruction display captured image

69: ambient environment 1image

70: simulation 1mage

71: action instruction display simulation image

81, 81C: robot structural data (manipulator structural
data)

32:

33:

34:

85:

86:

87:

camera structural data
tactile sensor structural data
reading camera structural data
operator physique data
action 1nstruction display element
force-speed conversion factor
88: environment structural data
89: action instruction mput device structural data
90: action 1instruction input device (action instruction
inputter, action restraint force generator)
91: shoulder connectmg frame
92: shoulder wearing band
93: shoulder joint measurer
94: upper arm frame
95: elbow joint measurer
96: forearm frame
97. wrist wearing band

The mvention claimed 1s:
1. A remote control mampulator system, comprising:
a manipulator controlled remotely by an operator to
handle an object;
a camera to capture a captured image including the
mamipulator;
a posture sensor to detect posture data including a position
and a posture of the manipulator;
an action instruction interlace with which the operator
inputs an action instruction nstructing action to move
or stop the manipulator;
control circuitry configured to
generate a control signal controlling the manipulator
from the putted action instruction,
store, 1n a memory, manipulator structural data repre-
senting a structure of the mampulator,
generate a model image 1including a manipulator image
of a model of the manipulator viewed from a position
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of the camera, based on the stored manipulator
structural data and the detected posture data, and
generate a presentation 1mage, to be presented to the
operator, by superimposing the model image on the
captured 1mage by overlaying portions of the
manipulator 1n the manipulator image in pixels
where the manipulator 1s not captured 1n the captured
image and by not displaying portions of the manipu-
lator 1n the manipulator 1image 1n pixels where the
manipulator i1s captured 1n the captured 1mage; and

a display to display the presentation image.

2. A remote control manipulator system, comprising:

a manipulator controlled remotely by an operator to

handle an object;

a camera to capture a captured image including the

manipulator;

a posture sensor to detect posture data including a position

and a posture of the manipulator;

an action instruction interface with which the operator

inputs an action mstruction nstructing action to move
or stop the manipulator;

a tactile sensor to detect tactile data, indicating whether or

not the manipulator 1s 1n contact with the object,

control circuitry configured to

generate a control signal controlling the manipulator
from the mputted action instruction,

store, 1n a memory, manipulator structural data repre-
senting a structure of the manipulator,

generate a model 1mage 1including a manipulator 1mage
of a model of the manipulator viewed from a position
of the camera, based on the stored manipulator
structural data and the detected posture data,

generate a presentation 1mage, to be presented to the
operator, by superimposing the model image on the
captured i1mage by overlaying portions of the
manipulator in the manipulator 1mage,

store, 1n the memory, tactile sensor structural data
representing a structure of the tactile sensor,

generate a tactile image including a contact symbol
indicating a position at which the tactile sensor 1s in
contact with the object by referring to the stored
tactile sensor structural data and the tactile data, and

generate the presentation 1mage by further superimpos-
ing the generated tactile image on the captured
image; and

a display to display the presentation image.

3. The remote control manipulator system according to
claim 2, wherein

the tactile sensor detects the tactile data including a

contact force acting between the manipulator and the
object, and

the control circuitry 1s further configured to generate the

tactile image by changing the contact symbol depend-
ing on a magnitude of the contact force.

4. The remote control manipulator system according to
claim 2, further comprising a sound generator, including an
audio speaker, to generate sound that can be heard by the
operator,

wherein the control circuitry i1s further configured to

generate the sound by controlling the sound generator
according to the tactile data.

5. The remote control manipulator system according to
claim 1, wherein the control circuitry 1s further configured to

detect whether or not the posture data follows the action

instruction,

generate an action instruction 1mage including an action

istruction icon representing action following the
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action instruction when there exists instruction unex-
ecuted posture data, the instruction unexecuted posture
data being the detected posture data when the posture
data does not follow the action instruction, and

generate the presentation image by further superimposing,
the generated action instruction image on the captured
image.

6. The remote control manipulator system according to
claim 5, further comprising an action restraint force genera-
tor that 1s worn by the operator and 1s configured to generate
a resistance force preventing an action of the operator, the
action restraint generator including one of an electromag-

netic solenoid, an electrorheological fluid, and an electric
brake,

wherein the control circuitry 1s further configured to
control the action restraint force generator so as to
generate the resistance force 1n a portion corresponding
to the instruction unexecuted posture data when the
control circuitry detects the instruction unexecuted
posture data.
7. The remote control manipulator system according to
claim 6, wherein
the action restraint force generator also functions as the
action instruction interface with which the operator
inputs at least a part of the action instruction, and

the control circuitry 1s further configured to generate the
control signal using the action 1nstruction mputted from
the action mstruction interface that also functions as the
action restraint force generator.

8. The remote control manipulator system according to
claim 5, wherein

the manipulator operates so as not to exceed a limit value

associated with at least one of generating a force or a
torque, a moving speed, and a rotational angular speed,
and

when the action 1nstruction causing limit value-associated

posture data, which 1s the posture data associated with
the limit value, to exceed the limit value, 1s mnputted,
the control circuitry 1s further configured to detect, as
the instruction unexecuted posture data, the limit value-
associated posture data that does not follow the action
instruction due to the limit value.

9. The remote control manipulator system according to
claim 8, wherein the control circuitry 1s further configured to
change the limit value.

10. The remote control manipulator system according to
claim 1, wherein the action instruction includes 1nstruction
action force, and the manipulator generates force less than or
equal to the instruction action force.

11. The remote control manipulator system according to
claim 1, wherein

the memory stores environment structural data being

structural data associated with an ambient environment,
including the object, mn which the manipulator exists,
and

the control circuitry 1s further configured to

simulate action of the manipulator 1in response to the
action instruction and output the posture data by
referring to the memory,

generate a simulation 1image being an 1mage in which
the model of the manipulator and the ambient envi-
ronment are viewed from the position of the camera
by referring to the outputted posture data and the
memory, and

generate the presentation image using the simulation

image.
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12. A control device, comprising:
control circuitry configured to
receive an action instruction mputted by an operator
using an action instruction interface and generate a
control signal controlling a manipulator to handle an
object;
store, 1n a memory, mampulator structural data repre-
senting a structure of the manipulator;
generate a model image including a manipulator image
of a model of the manipulator viewed from a position
of a camera, based on posture data of the manipulator
and the stored manipulator structural data, the con-
trol circuitry receiving the posture data representing
a position and a posture of the manipulator detected
by a posture sensor and a captured image including
the manipulator captured by the camera; and
generate a presentation 1mage, to be presented to the
operator, by superimposing the model image on the
captured 1mage by overlaying portions of the
manipulator 1n the manipulator image in pixels
where the manipulator 1s not captured 1n the captured
image and by not displaying portions of the manipu-
lator 1n the manipulator 1image 1n pixels where the
manipulator 1s captured 1n the captured 1mage.
13. A control device, comprising:
control circuitry configured to
receive an action instruction inputted by an operator
using an action instruction interface and generate a
control signal controlling a manipulator to handle an
object;
store, 1n a memory, mampulator structural data repre-
senting a structure of the manipulator;
generate a model image including a manipulator image
of a model of the manipulator viewed from a position
of a camera, based on posture data of the manipulator
and the stored manipulator structural data, the con-
trol circuitry receiving the posture data representing
a position and a posture of the manipulator detected
by a posture sensor and a captured image including
the manipulator captured by the camera; and
generate a presentation 1mage, to be presented to the
operator, by superimposing the model 1image on the
captured 1mage, wherein
tactile data 1s inputted from a tactile sensor that detects the
tactile data, which represents whether or not the
mamipulator 1s 1 contact with the object,
the memory stores tactile sensor structural data represent-
ing a structure of the tactile sensor, and
the control circuitry 1s further configured to
generate a tactile image including a contact symbol
indicating a position at which the tactile sensor 1s 1n
contact with the object by referring to the stored
tactile sensor structural data and the detected tactile
data, and
generate the presentation 1image by further superimpos-
ing the generated tactile image on the captured
1mage.
14. The control device according to claim 13,
wherein the tactile data includes a contact force acting
between the manipulator and the object, and
the control circuitry 1s further configured to generate the
tactile image by changing the contact symbol depend-
ing on a magnitude of the contact force.
15. The control device according to claim 13, wherein the
control circuitry 1s further configured to generate sound by
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controlling a sound generator that includes an audio speaker
and generates the sound that can be heard by the operator
according to the tactile data.

16. The control device according to claim 12, wherein the
control circuitry 1s further configured to

detect whether or not the posture data follows the action

instruction;

generate an action instruction image including an action
istruction icon representing action following the
action 1nstruction when there exists instruction unex-
ecuted posture data, the instruction unexecuted posture
data being the detected posture data when the posture
data does not follow the action instruction, and

generate the presentation image by further superimposing,
the generated action instruction image on the captured
1mage.

17. The control device according to claim 16, wherein the

control circuitry 1s further configured to

control an action restraint force generator so as to gener-
ate a resistance force in a portion of the action restraint
force generator corresponding to the mnstruction unex-
ecuted posture data when the control circuitry detects
the instruction unexecuted posture data, the action
restraint force generator being worn by the operator and
being configured to generate the resistance force pre-
venting an action of the operator, the action restraint
generator including one of an electromagnetic solenoid,
an electrorheological fluid, and an electric brake.

18. The control device according to claim 17, wherein

the action restraint force generator also functions as the
action instruction interface with which the operator
inputs at least a part of the action mnstruction, and

the control circuitry 1s further configured to generate the
control signal using the action 1mstruction inputted from
the action instruction interface that also functions as the
action restraint force generator.

19. The control device according to claim 16, wherein

the manipulator operates so as not to exceed a limit value
associated with at least one of generating a force or a
torque, a moving speed, and a rotational angular speed,
and

when the action mstruction causing limit value-associated
posture data, which 1s the posture data associated with
the limit value, to exceed the limit value, 1s iputted,
the control circuitry 1s further configured to detect, as
the instruction unexecuted posture data, the limit value-
associated posture data that does not follow the action
instruction due to the limit value.

20. The control device according to claim 12, wherein the

control circuitry 1s further configured to:

simulate action of the manipulator 1n response to the
action instruction and output the posture data by refer-
ring to the memory;

generate a simulation 1mage being an image 1 which the
model of the manipulator and the ambient environment
are viewed from the position of the camera by referring
to the memory and using the outputted posture data,

store, 1n the memory, environment structural data being
structural data associated with an ambient environment,
including the object, in which the manipulator exists,
and

generate the presentation i1mage using the simulation
image.
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